In previous work Soutis and Fleck [1] have developed a model which successfully predicted the notched compressive strength of a T8001924C carbon fibre/epoxy [(±45/0 2 )3]S laminate. Here, the ability of this fracture model to predict the effects of hole size and laminate stacking sequence upon the compressive strength is examined.
Damage development
Frequently, the design of compressive structures includes holes introduced either intentionally as cut-outs and as fastener holes, or unintentionally due to damage events. Several investigators [1, 2] have examined the behaviour of notched composite laminates and found that open holes reduce the compressive strength of the laminate by more than 50%. However, the remote failure stress is generally well above the value one might predict from the elastic stress concentration factor, indicating that the composite material is not ideally brittle and some stress relief occurs around the hole [1, 3] , Fig.I ; in Fig.I the remote failure stress O'n normalised by the unnotched failure strength O'un of the laminate is plotted as a function of hole radius R normalised by semi-width W of the specimen. 
Effects of hole diameter on the compressive strength of T800/924C laminates
The high stresses at the hole boundary initiate local failure which results in a redistribution of stresses. Penetrant enhanced X-ray radiography and scanning electron microscopy work by Soutis and Fleck [1] reveals that fibre microbuckling in the 0 0 plies surrounded by delamination initiates at the hole edges at approximately 80% of the ultimate compressive strength and grows into the interior of the specimen. The length of the microbuckled zone increases with increasing applied load, propagating stably across the specimen section until it reaches a critical length of 2-4mm (depending on lay-up). Then unstable growth begins and the microbuckle transverses the specimen completely.
2. Fracture toughness model have modelled the damage initiation and propagation process using the stress distribution at the edge of the hole 0' (x.o), and linear fracture mechanics. The microbuckled zone at the edges of the hOle is modelled as a~ugh-thickness crack with no traction on the crack surfaces. The authors assume that: i) Fibre microbuckling initiates and grows stably over a distance I from the hole edge when the average stress over the distance I reaches the unnotched strength of the laminate, a un ,
and ii) unstable microbuckling occurs when the stress intensity factor, K I , at the tip of the micro-buckled region is equal to the material fracture toughness, Ke. The stress intensity factor at the tip of a microbuckle of length I from the hole edge is expressed as: (2) 2. Fracture toughness K c versus (a/w) ratio for 50mm wide T800/924C laminates LI-L6 t t t t
Notch sin,aN
where 0' is the applied stress and f(I/R) is the correction factor for symmetrical cracks emanating from a circular hole [4] . The K approach is justified as the microbuckle zone resembles a crack, and the damage zone associated with the microbuckle is small in extent compared with other specimen dimensions. When K 1 = Ke, eqn. (2) can be written as
a. Having obtained the unnotehed compressive strength, O'un' and the fracture toughness Ke of the laminate, the notched compressive failure strength, 0'0 and the critical buckle length, Ie ' for any hole 00 radius R can be predicted. The general procedure is to plot the ratio of 0' /O'uo' given by equations (1) and (3), versus I/R. Then the failure strength, 0'0' can be obtained from the point where the two curves intersect. This point also provides the critical buckled length Ie.
The fracture toughness Kc for the six laminates t t t t examined here was measured by performing a series of tests on centre-cracked compression specimens [1] . The crack length-to-width ratios ranged from 0.2 to 0.8; the slits were pre-sharpened by a razor blade and were of sufficient width (about lmm) to prevent contact of the slit faces under compressive loading. The toughness values were computed by using the failure load and the orthotropic K-calibration factors obtained from the finite element analysis. The results are shown in Fig.2 and it can be seen that Ke is independent of initial crack size.
Comparison with theory
The effect of hole diameter upon failure strength for the orthotropic laminate Ll and the quasi-isotropic laminate L5 is shown in Fig.3a and •.. The notched strengths are bounded by the simple failure criteria of ideally brittle response and the ideally notch insensitive response, Peterson [5] . The strength data lay above the notch sensitive curve due to the development of sub-eritical damage in the form of fibre microbuckling, delamination and matrix cracking The damage reduces the stress concentration at the edge of the hole and delays final failure to higher applied loads. Fig.3 also shows that the Soutis-Fleck [2] fracture model fits the data well. Finally, in Fig.4 
Concluding remarks
It has been shown in the present paper that the Soutis and Fleck [1] model is able to predict the effects of hole size and lay-up upon the compressive strength. However, this engineering model takes as its input the compressive fracture toughness of the laminate. The next step under current investigation is to estimate explicitly the fracture energy dissipated into fibre microbuckling, delamination and matrix cracking.
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